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MICROFLUTDTC DEVICES INCORPQRATTNn TMp ^^QVED CHAMNHL GEQMETRIRS 

5 BACKGROUND OF THE INiVRNTrni^ 

There has been a growing interest in the development and manufacturing of microscale fluid 
systems for the acquisition of chemical and biochemical information, in botii preparative and analytical 
capacities. Adaptation of technologies from the electronics industry, such as photoliUiography. wet chemical 
etching and die like, to these fluidic systems has helped to fuel tiiis growing interest. 
^ 0 One of the first areas in which microscale fluid systems have been used for chemical or 

biochemical analysis has been in die area of capillary electrophoresis (CE). CE systems generally employ fused 
silica capillaries, or more recentiy. etched channels in planar silica substrates, filled with an appropriate 
separation matrix or medium. A sample fluid that is to be analyzed is injected at one end of the capillary or 
channel. Application of a voltage across die capillary then permits die electrophoretic migration of the species 

t.S within thftsaninlft nifPi^rftnHfll f»lpf*tmnkm!^ttf« mnK;t:ft*««. « -I . - * M 't • 

— s — — jss__a, — _„ ■•■wvitAuva wt u» KAiRaufcuciii ciciiicais ui a sample iiuio. e.g.. cue 

to Uieir differential net charge or size, permits dieir separation, identification and analysis. For a general 
discussion of CE medidds, see, e.g.. U.S. Patent No. 5,015,350, to Wiktoiowicz, and U.S. Patent No. 5.192,405 to 
Petersen et al. 

Fabrication of CE systems using planar chip technology has also been discussed. See, e.g., 
20 Matiiies et al.. Proc. NatM Acad. Sci. (1994) 91:1 1348-1 1352. Jacobsen et al.. Anal. Chcm. (1994) 66:1 114-1 1 18. 

Effenhauser el al.. Anal. Chem. (1994) 66: 2949-2953. However, typically, such systems employ a single sample 

introduction point, e.g.. a single well for introducing samples that are to be analyzed in the capillary channel. 

This requires rinsing and reloading die well prior to each analysis. Furtiier. where one wishes to analyze larger 

numbers of samples, larger components of each sample, e.g., large nucleic acid fragments, proteins and die like. 
25 can build up widiin die sample loading and separation channels, and/or adsorb to capillary walls, eventually 

affecting die operation of the system. 

It would dierefore be desirable to provide microfluidic devices, including CE systems, which 

permit faster analysis of multiple samples, and do so widi minimal and even reduced cost, space and time 

requirements. The present invention meets diese and odier needs. 

30 

SUMMARY OF THF. TMVF>mn|^ 
In a first aspect, die present invention provides a microfluidic device diat comprises a planar 
substrate having a first surface. At least die first, second and diird microscale channels are disposed in die 
interior portion, die second channel intersecting die first channel at a first intersection, and die diird channel 
35 intersecting die first channel at a second intersection. A plurality of sample reservoirs is disposed in die body 
structure wiUi each of die sample reservoirs being connected to die second channel. At least a first waste 
reservoir is connected to die third channel. 

The present invention also provides a microfluidic device as described above, with at least 
one sample reservoir being connected to the second channel and at least one sample reservou* being connected 
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to the third channel. TTie device also includes at least first and second waste reservoirs, the first waste reservdr 
being connected to the first channel, and the second waste reservoir being connected to die second channel. 

In another aspect, the present invenUon also provides a microfluidic device as described 
above, but comprising a preloading module in communication with the.first channel. The preloading module 
comprises a first sample loading channel intersecting the first channel at a first intersection. The preloading 
module also includes a first plurality of sample reservoirs in fluid communication with the first sample loading 
channel and a first load/waste reservoir in communication with the first sample loading channel between the 
first plurality of sample reservoirs and the first intersection. 

This invention also provides a method of analyzing a plurality of samples using the 
microfluidic device as described above. A plurality of sample reservoirs is disposed in the body structure, each 
of the sample reservoirs being connected to the second channel. At least a first waste reservoir is connected to 
the third channel. The method also involves transporting a sample material from the first of the plurality of 
sample reservoirs through the second channel, through the first and second intersections, into the third channel, 
toward the first waste reservoir. A portion of the sample material is injected at the first intersection into the 
15 first channel, transported along the first channel, and analyzed in the analysis channel. 

In a related aspect, the present invention provides a method of separating component 
elements of a sample material, using the microfluidic device described above, but comprising a plurality of 
sample reservoirs. Each of the sample reservoirs is connected to the second channel and at least a first waste 
reservoir is connected to die diird channel. The method also involves uransporting the sample material from a 
20 first of said plurality of sample reservoirs tiuough Uie second channel, tiirough die first and second 

intersections, into the tiiird channel, toward the first waste reservoir. A portion of die sample material is 
injected at die first intersection into the first channel and transported along die first channel to separate die 
component elements of the sample material. 

The present invention also provides for die use of a microfluidic device diat includes a body 
25 structure having an interior portion and an exterior portion, at least first second and diird microscale channels 
disposed in die interior portion, die second channel intersecting die first channel at a first intersection, die diird 
channel intersecting die first channel at a second intersection, a plurality of sample reservoirs in 
communication widi die second channel having a plurality of different sample materials disposed dierein. and a 
waste reservoir in communication widi die diird channel, in separating component elements of die sample 
30 materials. 

Anodier aspect of die invention provides a microfluidic device comprising an analysis 
channel and a sample loading channel in fluid communication widi die analysts channel at a first intersection. 
A plurality of sample sources is in fluid communication widi die sample loading channel, whweby diere is at 
least one of die plurality of sample sources in fluid communication widi die sample loading channel on each 
35 side of die first intersection. First and second load/waste channels intersect die sample loading channel at 
second and diird intersections, respectively. The second and diird Intersections are on different sides of die 
first intersection. 
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In a further aspect, the present invention provides a microfluidic device comprising an 
analysis channel. A sample loading channel is on a first side if sairf analysis channel, and intersects the 
analysis channel at a first intersection. A plurality of sample reservoirs is in fluid communication with the 
sample loading channel on a first side of the first intersection and a waste channel is on a second side of the 
analysis channel, intenecting the analysis channel at a second intersection. A waste reservoir is in fluid 
communication with the waste channel on the second sjde of the first intenection. 

Another aspect of the invention provides a microfluidic device comprising an analysis 
channel. A sample loaiUng channel intersects die analysis channel at a first intenection. The device also 
includes a sample preloading module which comprises a plurality of sample reservoirs and a waste reservoir 
disposed in the body structure. Each of the plurality of sample re^oiis and waste reservoir is in fluid . 
, conimunicadon with the sample loading channel on the same ,si(^ of d»e first intersection. 

In an additional aspect, the present invention provides a microfluidic device comprising an 
analysis channel, and also including first and second transverse channels disposed in the interior portion. 
TTiefirst transverse channel is located on a first side of the analysis channel, intersecting the analysis channel at 
15 a first intersection. The second transverse channel is located on a second side of the analysis channel, 
intersecting the analysis channel at a second intersection. A fiist'sample source is placed in fluid 
communication with the first transverse channel, am) a second sample source u placed in fluid communication 
with the second transverse channel A first waste channel is located at the first transverse channd at a third 
intersection and a second waste channel is located at the second transverse channel at a fourth intersection. 
The device also contains a material direcUon system for individually transporting a sample fiom each of the 
first and second sample sources to die first and second waste channek via die first and second transverse 
channels, respectively, and selectively injecting the samples into die analysis channel. 

In yet anodier aspect, the present invention provides a microfluidic device comprising an 
analysis channel, and first and second transverse channels disposed in said interior portion. The fust transverse 
25 channel is disposed on a first side of die analysis channel, intersecting the analysis channel at a first 

intersection. TTie second transverse channel U disposed on a second side of the analysis channel, intersecting 
the analysU channel at a second intersecaon. A plurality of sample sources u in fluid communication witfi die 
fust transverse channel A first waste channel U disposed in the interior portion and intersects the first 
transverse channel at a diird intersection. At least a second waste channel is disposed in dw mterior portion 
and intersects the second transverse channel at a fourth intersection. The device also includes a material 
direction system for individually transporting a sample from each of the first and second sanqile sources to the 
first and second waste channels via Uie fust and second transverse channels, respectively, and selectively 
injecting the samples into the analysis channel. 

Another aspect of die invention provides a microfluidic device comprising an analysis 
35 channel and a sample loading channel disposed in fluid communication with the analysis channel. A plurality 
of sample sources is also provided in fluid communication with the sample loading channel. 

In still a fiirthN aspect, die invention provides a mediod for analyzing a pluraUty of different 
materials with a microfluidic device which includes an analysis channel. A s&mple losditig chaaasl is disposed 


20 
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in device and intersects said analysis channel at a first intersection. A plurality of sample sources is in fluid " 
communication with said sample loading channel. A first sample is transported from a firel of said plurality of 
sample sources, through said sample loading channel to said first intersection. A portion of said first sample is 
injected into said analysis channel; analyzing said portion of said firet sample in said analysis channel. A . 
second sample is transported from a second of said plurality of sample sources through said loading channel to 
said intersection. A portion of said second sample is injected into said analysis channel; analyzing said portion 
of said second sample in said analysis channel. 

A fiirther aspect of the invention provides a mediod of performing analysis on a plurality of 
different sample materials with a microfluidic device which comprises a planar substrate having a first surface 
with an analysis channel. The device also includes a sample loading channel which intersects said analysis 
channel at a first intersection, a sample preloading module which comprises at least first and second sample 
reservoirs and a waste reservoir disposed in said body structure, wherein each of said plurality of sample 
reservoirs and said waste reservoir are in fiuid communication with said sample loading channel. A sample is 
transported from said first sample reservoir to said first intersection. A portion of said first sample is injected 
i 5 iiiio said analysis channel Said portion of said first sample is concurrendy analyzed in said analysis channel, 
and a second sample from said second sample reservoir is transported into said loading channel and then to 
said waste reservoir. Said second sample is transported from said loading channel to said intersection and 
injected into said analysis channel and analyzed in said analysis channel. 

The present invention also provides a microfluidic device that includes a body structure with 
20 an analysis channel disposed therein. A plurality of sample sources is also disposed in the body structure, 
where each sample source is in fiuid communication with a first point in die analysis channel via one or more 
sample channels. The channel distance between a first of the plurality of sample sources and the point in the 
analysis channel, is substantially equal to a channel distance between a second of the plurality of sample 
sources and die point in the analysis channel. 

^ * further aspect of the invention to provide a microfluidic device comprising a body 
structure with an analysis channel and a first sample introduction channel disposed in die body structure, where 
die sample introduction channel intersects die analysis channel at a first point A first plurality of sample 
sources is disposed in the body structure, where each of die first plurality of sample sources is in fluid 
communication with the first sample introduction channel via a first plurality of separate sample channels 
30 disposed in die body structure, respectively. The channel distance between a first of die first pluraliQf of 

sample sources and die first point is substantially equal to a channel distance between a second of die plurality 
of sample sources and die first point 

Anodier aspect of die invention is a microfluidic device comprising a body structure widi an 
analysis channel and a sample loading channel intersecting and in fluid communication widi die analysis 
35 channel. In accordance widi diis aspect of die invention, die analysis channel and die sample loading channels 
typically have a widdi of less dian 50 |im. A plurality of sample sources is also providedin fluid 
communication widi said sample loading channel. 
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In a related aspect, the present invention provides a method of manufacturing a microfluidic 
device comprising fabricating a plurality of channels in a first planar surface of a first substrate. The plurality 
of channels typically includes an analysis channel, a sample loading channel disposed on a first side of the 
analysis channel and intersecting the analysis channel at a first intersection. Also included is a plurality of ■ 
sample channels intersecting the sample loading channel on a first side of the first interecction. and a waste 
channel disposed on a second side of the analysis channel, and intersecting the analysis channel at a second 
intersection. A second planar substrate is overlaid on die planar surface of the first substrate to seal the 
plurality of channels. The second planar substrate has a plurality of ports disposed therethrough, which is 
comprised of two ports in communication with opposite ends of the analysis channel, a waste port in 
communication with an unintersected terminus of the waste channel, and a plurality of sample ports each in 
separate conmiunication with the unintersected termini of the sample channels. 

A further aspect of the invention provides a microfluidic device having an analysis channel 
and a sample loading channel which intersects the analysis channel at a first intersection. Also included is a 
plurality of sample sources disposed in fiuid communication with the sample loading channel, for analysis of 

In an additional aspect, die present invention provides kits embodying the methods and 
apparatus herein. Kits of die invention optionally comprise one or more of the following: ( 1) an apparatus or 
apparatus component as described herein; (2) instructions for practicing die mediods described herein, and/or 
for operating the apparatus or apparatus components herein; (3) one or more assay component; (4) a container 
for holding apparatus or assay components, and. (5) packaging materials. 

BRIEF DESCRIPTION OF THK FTHTTy 

Figure lA-lC schematically illustrates the channel reservoir geometries employed in die 
devices of die present invention, and dieir operation in loading and injection of multiple samples (Figure 1 A and 
IB) and in sample preloading (Figure IQ. 

Figure 2 is a schematic illustration of die chronology of the various material transport steps 
involved in performing capillary electrophoresis in a microfluidic device of die present invention (bottom) as 
compared to a CE system lacking a preloading feature (top). 

Figure 3 illustrates one embodiment of a microfluidic device incorporating an improved 
channel/sample well geometry for performing serial analysis of multiple samples. 

Figure 4 illustrates another embodiment of a microfluidic device incorporating an improved 
channel/sample well geometry for performing serial analysis of multiple samples. 

Figure 5 illustrates still anodier alternate channel geometry in a microfluidic device for 
performing serial analysis of multiple samples. 

Figure 6 is a plot of retention times for fluorescendy dyed nucleic acid fragments injected into a 
CE channel fabricated into a substrate employing die improved channel/sample well geometry of die present 
invention. 

Figure 7A-7C are plots of fluorescence vs. time for a set of PCR fragments intercalated widi a 
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nuorescent dye (Figure 7A). PhiX174 DNA. cleaved with Haeffl and intercalated with a flu«««scent dye (Figltfc 
7B) and a buffer blank (Figure 7C). serially injected into the analysis channel of a microfluidic device 
incorporating the channel/sample well geometry of the present invention. 

Figures 8A and 8B illustrate nucleic acid separation analyses performed in microfluidic devices 
having 30 jun channel widths (Figure 8 A) and 70 ]m channel widths (Figure 8B). 

PETAILEP DBSCRTPTION np thb IHvpi^QH 

I. General 

TTie present invention generally provides microfluidic devices which incorporate improved 
channel and reservoir geometries, as well as mediods of using these devices in the amdysis. preparation, or other 
manipulation of fluid borne materials, to achieve higher throughputs of such materials through these devices, with 
lower cost, material and/or space requirements. 

As used herein, the tenn "microfluidic device or system" generaUy refers to a device or system 
which incorporates at least two intersecting channels or fluid conduits, where at least one of the channeU has at 
least one cross sectional dimension in the range of from about 0.1 to about 500 jim. preferably from about 1 to 
about 100 |im. 

The microfluidic devices of the present invention comprise a central body structure in which 
the various miciofluidic elements are disposed. The body structare includes an exterior portion or surface, as 
weU as an interior portion which defines die various miaoscale channels and/or chambers of the overall 
microfluidic device. For example, the body structures of the microfluidic devices of the presem invention 
typically employ a solid or semi-solid substrate that is typically planar in structure. i.e.. substantially flat or 
having at least one flat surfoce. Suitable substrates nuiy be fabricated from any one of a variety of materials, or 
combinations of materials. Often, the planar substrates are manufactured using solid substrates common in the 
fields of microfabricadon. e.g.. silica-based substrates, such as glass, quartz. sUicon or polysiUcon. as well as 
25 other Icnown substrates. i.e.. gallium arsenide. In the case of these substrates, common microfabrication 

techniques, such as photolithographic techniques, wet chemical etching, micromachining. i.e.. drilUng. milling 
and the like, may be readily applied in the fabricauon of microfluidic devices and substrates. Alternatively, 
polymeric substrate materials may be used to fabricate the devices of the presem invention, including. e.g.. 
polydimethylsiloxanes (PDMS). polymethylmethacrylate (PMMA), polyureUiane, polyvinylchloride (PVC). 
polystyrene polysulfone. polycartranate. polymctiiylpcntene. polypropylene, polyeUiylene. polyvinylidine 
fluoride. ABS (actylonitrile-butadiene-styrene copolymer), and the like. In die case of such polymeric materials, 
injection molding or embossing metiiods may be used to form the substrates having the channel and reservoir 
geometries as described herein. In such cases, original molds may be fabricated using any of the above described 
materials and methods. 

clunnels and chambers of the device are typically fabricated into one surface of a planar 
substrate, as grooves, wells or depressions in that surface. A second planar substrate, typically prepared from die 
same or simihir material, is overlaid and bonded to the first, diereby defining and sealing the channels and/or 
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chambers of the device. Together, the upper surface of the first substrate, and the lower mated surface of the ' 
upper subsUBte. define the interior portion of the device. i.e.. defining the channels and chambers of the device. 

In the devices described herein, at least one main channel, also termed an analysis chamiel. is 
disposed in die surface of die substrate dirough which samples are tiansported and subjected to a particular 
analysis. Typically, a number of samples are seriaUy transported from their respective sources, and injected into 
the main chamiel by placing die sample in a transverse chamiel that intersects die main chamiei. This channel is 
also termed a "sample loading channel." The sample sources are preferably integrated into the device . e.g.. as a 
plurality of wells disposed within die device and in fluid communication widi die sample loading chamiel. e,g.. by 
an intermediate sample channel. However, die devices of die invention may also include sample sources diat are 
external to Uie body of die device, per se. but still in fluid communication wiUi die sample loading channel. 

The sample in die loading channel is drawn or transported across die intersection of die loading 
channel wiUi die analysis channel. TTie volmne or 'plug' of sample duit is disposed widiin die intersection of 
diese two channels is dien drawn down die analysis chamiel whereupon it is subjected to die desired analysis. 
The intersection of two channels. e.g.. as in die main channel and loading channel, may be a "T" or "diree-way ' 

IS intersection, where die loadinv chnnnftl 

— „.„. iv*uiiiiaw» iu ulc main cnannei, or vice versa. 

Alternatively, die two channek may intersect and cross each odier, creating a "four-way" intersection. In diis 
case,dicvolumeofasamplediatisinjectedfadirecUyreiat«ltodievblunieofdieintei8e^ Wherelarger 
volumes of samples are desired, one may generally stagge^ die intersection of die inlet side of die sample loading 
channel, e.g., die sample side, and die intersection of die oudet side of the loading channel. e.g.. die waste side. 

20 whereby more sample is disposed widiin die analysis chamiel during loading. e.g.. as defind by die lengdi of the 
analysis channel between the staggered intersections. 

For ease of discussion, die devices and systems of die presem invention are generally described 
in terms of die perfomiance of capillary electrophoretic analysis (CE) on a sample. Accordingly, for such 
operations, die main or analysis channel generally includes a sieving matrix, buffer or medium disposed dierein. 

25 to optimize die electrophoretic separation of die constituem elements of die sample. However, it wUl be 
anneciated upon reading die instant disclosure diat die microfluidic devices incoipoiating die improved 
geometries described herein are also qipUcable to a wide variety of non-CE appUcations. and may be used to 
perform any of a number of different analytical reactions on a sample. e.g.. as described in commonly assigned 
International AppUcaUon No. WO 98A)0231. which is hereby im»npoiated hei«in by reference in its entirety for 

30 all purposes. 

As noted above, die devices of die present invention employ channel and reservoir geometries 
diat reduce die costs associated widi producing die device, by reducing die amount of material required to 
fabricate die device itself. In addition, die devices of die invention are able to pcrf^orm analyses widi a much 
higher diroughput rate, as well as facilitate diose analyses, by: (I) reducing die distance which a particular sample 
35 must travel, or be transported, from its origin on die device to die analysis i«gton or channel: (2) equalizing die 
distance diat any two samples must travel from dieir origins to die analysis region « channel, and dius. equalize 
any effect diat such transport has on diat sample; (3) increasing die number of samples diat may be placed into a 
single device; (4) allowing one sample to be analyzed while anodier is being drawn into piece, or "pieloeded." for 
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subsequent analysis; (5) providing a common point up to which samples may be preloaded, whereby timing of 
loading and injection cycles is standardized for all samples; and (6) providing enhanced detection and resolution 
of material regions. e.g., species bands or plugs, within the analysis channel. 

I 

5 U. QftstR^wtion 

In general, in fields employing microfabrication. it is desirable to employ the principles of 
"shrinking" to optimize the fabrication process. Shrinking generally refers to the optimization of a device at a 
first scale, followed by the proportional scaling down of the size of the device. Shrinking provides a two-fold 
advantoge in device design and manufacture. First, it provides die readily apparent advantages of reducing the 

10 overall product size. Because of this smaller size, the product has smaller space requirements, which can, in turn, 
be exploited by integrating the device within smaller overall systems. Further, in many cases, microfabricated 
devices, including. e.ig., nucroprocessors, microHuidic devices, and the like, are fabricated from larger wafers of 
substrate material. e.g.. silicon, silica, etc. As such, by reducing the size of each individual device, one can 
increase the number of devices which can be produced from a single wafer, reducing the materials costs 

15 accordingly. , 

Furthermore, this increase in the number of devices produced from a single wafer also 
substantially reduces die number of devices tiiat are lost due to flaws in a given wafer or plate. For example, 
where one produces only four devices from a single substrate wafer, a single, small, critical flaw tiiat is wholly 
contained witiun one device results in a 25% loss, i.e., 1 of 4 devices will include the flaw. However, where one 

20 produces 20 different devices from a single wafer, only 5% of the devices or 1 of 20 will include die flaw. Thus 
the cost advantages of reducing device size are themselves, two-fold. 

In the case of the devices of the present invention, dimensions per device generally range from 
about a length and width dimensions of from about 5 mm to about 100 nrni for a device capable of analyzing 
multiple samples, however, larger or smaller devices may also be prepared depending upon the number of . 

25 analyses Uiat are to be performed, and die desired volume of die reagent reservoirs. In preferred aspects, die 
devices have length and widdi dimensions of from about 5 mm to about 50 mm. 

The optimized channel and well geometries incorporated into the devices of die present 
invention allow for a substantially reduced subsu-ate requirement per device. As a result of die reduction in 
substrate requirements, costs associated with the substrate aspect of die device are substantially reduced as a 

30 result of an increase in die number of substrates/wafer and decrease in die percentage of substrates lost/wafer. 
Aldiough described in terms of silica or silicon based substrate materials, it will be readily q)preciaied diat die 
cost and material savings provided by die present invention are applicable to a wide range of substrate materials, 
e.g., glass, polymeric materials, etc. 

35 m. Increased Throughput 

As noted previously, die improved channel and reservoir geometries incorporated in die devices 
of die present invention also allow for substantially improved diroughput for performing particular analyses on 
multiple samples. In particular, in any fluidic system, a substantial amount of time is spent sunply transporting a 
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material from one location in the system to another. This is particularly the case in capiUary electrophoresis 
systems where uansponation of material from one location to another location in the system. i.e.. from a sample 
well to the separation capiUary. is carried out electrophoretically. This problem is ftirther magnified where the 
system is used in the serial analysis of multiple different samples. 

TTie channel and reservoir geometries incorporated into the devices and systems of the present 
invention, on die other hand, result in substantially shorter transit times from a sample reservoir to the analysis 
portion of the device, e.g,. channel. The improved ^ometries also permit die incorporadon of greater numbers of 
sample reservoirs per unit area of substrate. Additionally; these geometries permit die performance of a 
'preloading' operation which allows the analysis of one sample in die analysis region or channel, while anodier 
sample is being transported from its reservoir to a location adjacent to the analysis region or channel. The 
combination of diese elements allows for a substantial increase in die dirougiq>ut of die device. 


. A. Multiple Samnia WpIU 

- In one aspect, die devices and systems of die present invention employ multiple sample 

, ,^ ^ ^.,^„ viiwuici, oiiuwing me senai analysis oi multiple samples in a 

single device merely by sequentially injecting each of the samples firom its respective reservoir into the analysis 
channel, i.e.. drawing a saniple from a first reservoir and injecUng it into die analysis channel, dien drawing a 
sample from a second reservoir and injecting it into the analysis channel. Although generally described herein in 
terms of sample wells or reservoirs fabricated into the microfluidic device, it will also be understood that such 
sample reservoirs may also exist externally to the device per se. while remaining in fiuid communication with the 
various points on the device as described herein. 

Employment of multiple sample reservoirs provides the advantage of being able to serially 
analyze multiple samples without having to manually load each sample after the analysis of a previous sample 
has concluded. The devices of the i»esent invention include at least two separate sample reservoirs on a single 
25 subsu^te and in fluid communication with a given analysis channel. Typically, the devices include at least four 
separate sample reservoirs, more typically at least six separate sample reservoirs, preferably, at least eight 
separate sample reservoirs, and more preferably, at least twelve separate sample reservoirs, and often at least 16 
separate sample reservoirs for a given analysis channel. Each of the sample wells is typically in fluid 
communication with a sample loading channel which intersects and is in fluid communicadon widi the analysis 
30 channel. A load/waste reservoir is typically supplied in fluid communication with die sample loading channel on 
die opposite side of die intersection of the loading channel with the analysis channel. This allows a sample to be 
loaded by drawing the sample across die intersection and toward die load/waste reservoir. An additional preload 
channel and reservoir is provided in fluid communication widi die sample loading channel on die same side as die 
samples to be loaded, to permit preloading of one sample while a previous sample is being transported along die 
35 main channel, e.g.. by flowing die sample from its own well to die load/waste well on die same side of die 
intersection and thus, not crossing the intersection. 

As noted above, die devices of die present invention typically include a relatively high density 
of sample and odier res^oirs per unit substrate area. In particular, sample and buffer wells are typically 
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incorporated imo the device at a density greater than approximately 2 n»ervoin/cm'. preferably, greater than "4 
reservoirs/cm', and in some cases, greater than 8 reservoirs/ cm'. In particularly preferred aspects, the reservoirs 
included in the devices of the present invention are set at regular spacing. More particularly, such spacing is 
complementary to spacing found in existing Huid handling systems. e.g.. compatible with mulUwell plate 
dimensions. For example, in preferred aspects, die reservoirs are positioned or arranged in a linear format (e.g.. 
along a line) or gridded fashion at regularly spaced intervals. For example, in preferred aspects, the wells of the 
device are arranged on approximately 9 mm centers (96-well plate compatible) in a linear or gridded 
arrangement, more preferably. 4.5 mm centers (384 well plate compatible) and in some cases, on approximately 
2.25 mm centers (1S36 well plate compatible). 

In preferred aspects, the multiple sample reservbirs are disposed at locations on the substrate on 
both sides of the analysis chamiel. By locating the sample reservoire,on both sides of the analysis channel, one 
can minimize die distance, and thus d,e channel length, between any given reservoir and the point on the amUysis 
channel at which the sample is to be injected into that channel, by clustering U» s«nple reservoirs around die 
point at which the samples are injected into the analysis channel. By minimizing the lengtii of tiie chamiel 
between Uie sample reservoirs and the analysis channel, one minimizes the transit time for transporting a sample 
from its reservoir to tiie analysis channel. In addition, one also minimizes any effects that result during die 
transportation of the fluids. e.g.. adherence of components to die device, electrical effects in electroosmotic 
(E/0). or electiophoretic systems, which effects may not be desirable prior to injection in Uie analysis chamiel. 
e.g., eleclrophoretic biasing or separation of sample components. 

In panicuiariy preferred aspects, the sample reservoirs are equaUy allocated on bodi sides of die 
amUysis channel. TTius. in these preferred aspects, die device includes at least two. typicaUy at least three, 
preferably at least four, more preferably, at least six. and still more preferably at least eight separate sample 
reservoirs on each side of the analysis channel. 

In alternate or additionally preferred aspects, die various sample sources or reservoin are 
provided such tiiat die channel distance along which material from each of die sample sources or reservoin must 
be transported in order to reach die injection chamiel (or die sample injection channel, as described in greater 
detaU below) is substantially equal. By "substantially equal" is meant diat dus chamiel distance for any given 
reservoir is no more than 25 % greater or less dian die same distance for any od«r sample souree or reservoir, 
preferably, no greater than 15 %. more preferably, no greater dian 10 %. stiU more preferably, no more dian 5 % 
greater or less dian the chamiel distance for any odier sample souree or reservoir. In most preferred aspects, diese 
channel distances are widiin about 2 % of each odier. 

A variety of advantages are gained by providing die sample reservoirs equidistant, in terms of 
channel distance, from die injection or preload point. Initially, in many applications, fluids such as running 
buffers, seiving matrices, dynamic coatings, and die like, are added to die chamiels of a microfluidic device by 
depositing diese fluids into a single reservoir, e.g.. a buffer or waste reservoir. The fluid dien wicks into die 
chanmsls of die device by capillary action, and/or hydrodynamic or applied pressure. In diese siuiations, die fluid 
generally travels dirough equivalendy sized channels at approximately equivalent rates. Accordingly, where 
microfluidic devices have varied channel distances from die injection points, die fluid reaches die reservoirs at 
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the tennini of shorter channels first In the case of applied or hydrodynamic pressure, these reservoirs begins 
filling with the fluid before the fluid re»;hes the remaining reservoin. TT.is resulUi in different fluid levels in the 
different sample reservoirs, which in turn, results in different dilution levels for each of the samples, effecting the 
abiUty to quanUtatively compare samples. Equal channel distances substantially obviate this problem, as the fluid 
reaches and fills the various reservoirs at substantially the same time and rate. 

In addition to obviating the dilution problem, incorporation of equal channel distances, as 
described herein, also results in sample transit times, from each of the reservoirs to the injection or preload time 
being equal. TTiis has several advanuiges. Initially, each sample is subjected to the transit enviroranent for the • 
same amount of time, thereby standardizing any effect such transit time may have. For example, in dte case of 
nucleic acids analysis, intercalating dyes are often mixed with the running buffers within the channels of the 
device, whereupon the dyes are taken up by nucleic acids traveling through those channels, i.e.. during transit 
from a sample source to tiie analysis channel. Differential transit times can result in differential incorporation of 
dye. resulting in different eventual signal intensities from those different samples. In addition, equal sample 
loading times also provides useful advantages in permitting the operator of the system to standardize the amount 

of time reouired for loariinv nr .nrpinarfinn nf .a....k ...^-1. i . ... 

" " * — «>"«F»B. ui poniuuiiu-. eacn sample requires tHe same amount 

of time to load or preload, greatly facilitating tiw operation of tiie microfluidic device. 

The same advantages obtained by providing sample sources equidistant from the injection point 
are also obtained by providing other variations in charawl strucmre or geometry whereby the transit time of a 
given fluid. e.g.. a sample, to or from one sample source is equal to tiiat f or a fluid or sample to or from another 
source. For example, instead of providing for sample sources that are equidistant, one can provide variations in 
the chamiel widtii to equilibrate transit time for fluids traveling to or from two differem sources. In particutar. 
sample sources that are nearer to the injection poim or preload point, are optionally provided in fluid 
coirmiunication with the injection or preload point via a wider chamiel. such that the sample requires substantially 
the same amount of time to travel tiirough that channel from the source to the injection or preload point, as a 
sample source connected by a longer, but narrower channel, under similar or identical material transport 
conditions. e.g.. applied electric fields. Similarly, such channel variations are usefiil in equilibrating die amount 
of time required for a fluid to reach any of the sample sources when introduced tiirough a common channel. e.g.. 
in filUng tiw device witii buffer, etc.. as described in greater detaU, herein. 

By "substantially die same amoum of time," is meant dm tiw time for a sample to travel from 
30 its source to die injection poim or the preload point on die microfluidic device is witiun about 25 % of tiie amount 
of time for anotficr sample to travel from its source to Uic injection or preload point, under die same transport 
conditions, e.g.. applied pressure or electric fields, i.e.. in electrokinetic transport, preferably, no greater tium 15 
%, more preferably, no greater tiian 10 %. still more preferably, no more tfian 5 % greater for any otiier sample 
source or reservoir. In most preferred aspects, the times for samples to travel from differem sample sources to 
35 the injection or preload point are widiin about 2 % of each other. 

In addition to ensuring tiiat the transit time for each of die multiple samples is similar to tiiat of 
oUier samples witiiin tiw device, it U also generally desirable to reduce tiw amount or lengtii of common channel. 
e.g.. loading channel, tiirough which a sample must pass in order to reach tiw injection point In particular. 
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reducing the length of the loading channel between its intersecUon* widi the sample channels and the 
preload/waste channel, reduces the possibility of cross contamihadng materials being present in die ultimate 
injection. In particular, the shortened loading channel is more likely to be completely flushed before the next 
sample is actually injected into die injection cross or intercsection. Thus, in at least one aspect of die present 
invention, die intersection of die sample channels with die loading channel is placed closer to die intersection of 
die load channel with the load/waste channel, e.g.. within about 5 mm. preferably widiin about 4 mm. more 
preferably widiin about 2 mm and often widiin a^out 1 mm. dius creating a loading channel between die sample 
channel intersection and die injection intersection or preload intersection having a lengdi less dian approximately 
5 mm, preferably less tiian about 4 mm more preferably less dian about 2 mm. 

As noted previously, injection of a sample into'die main analysis channel typically involves 
drawing die sample across the intersection of die loading channel and die analysis channel. Accordingly, in 
preferred aspects, die devices and systems of die present invention typically includes a load/waste reservoir and 
channel in fluid communication widi die sample loading channel on die opposite side of die analysis channel 
from die sample diat is to be loaded. Application of a voltage gradient between die desired sample reservoir and 
the load waste/reservoir on die opposite side of die analysis channel dien causes material transport dirough die 
sample loading channel and across the intersection of die loading channel and die analysis channel (also termed 
die injection point) and into die load/waste channel and reservoir. 

Because die devices and systenis of die present invention preferably include samples located on 
each side of die analysis channel, such devices also typically include a load/waste reservoir and corresponding 
channel on each side of die analysis channel and in fluid communication widi die sample loading channel. 
Specifically, die preloading well for samples on one side of die analysis channel Is die load/waste reservoir for 
die samples on die odier side of die channel. A schematic illustration of diis feature is illustrated in Figure 1. 

In brief. Figure 1 A schematically illustrates an intersection between two channels in a 
microfluidic device (not shown), e.g.. a main analysis channel 100 and a sample loading channel 102. Sample 
loading channel also includes first and second sample introduction channels 104 and 106. respectively, in fluid 
communication widi die sample loading channel on opposite sides of die intersection 108. and which sample 
introduction channels are also in fluid communication widi first and second sample sources 1 10 and 1 12. 
respectively. e.g., a sample reservoir disposed in die device. In addition to die firet and second sample channels, 
die sample loading channel on each side of die intersection is also in fluid communication widi first and second 
load/waste channels 1 14 and 1 16. respectively, which are in turn, in fluid communication widi first and second 
load/waste reservoirs 1 18 and 120, respectively. 

Figure IB schematically illustrates die sequential injection of a sample from each of die first 
and second sample wells. In particular, panels I and H of Figure IB show die first sample (indicated by hatching) 
being drawn into die sample loading channel 102 and across die intersection 108 of die loading channel widi die 
main channel 100. and into die second load/waste channel 1 16. In electrical material direction systems, e.g.. E/0 
flow or electrophorctic transport systems as generally described herein, diis is accomplished by applying a 
voltage at die first sample reservoir 1 10 and the second load/waste reservoir 120, to achieve material movement 
along die padi of current flow. The plug of sample material at die intersection is dien injected into die main 
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channel 100, by applying a voltage at points on the main channel on opposite sides of the intersection 108. i.e.; at 
the buffer and waste reservoirs located at the termini of the maiA channel 100. During injection, the voltage 
^plied at sample reservoir 1 10 and second load/waste reservoir 120 may be removed, e.g., aUowing these 
reservoirs to •float' However, typically a voltage is maintained at these reservoirs, so as to achieve a net 
material flow away from die intersection, e.g., pulUng the sample away from the intersection, to avoid any 
diffusion or leaking of the sample into the intersection during analysis. 

The second sample (indicated by cross-hatching) is loaded and injected into the main channel 
104, in the same fashion as the first, as shown in Figure IB. panels<m and IV, except that during loading, the 
voUages are applied at the second sample reservoir 1 12 and the first load/waste well 118. 

In addition to allowing injection into the analysis channel of samples from both sides of the 
analysis channel, and in contrast to devices lacking this feature, incorporation of load/waste reservoirs on both 
sides of the analysis channel also permits one sample to be preloaded while another sample is being analyzed in 
the analysis channel, as.noted above/ 

For example, in typical planar chip based CE devices incorporating a separation channel and a 

loadinff channel in a rmcwihanniBt crriinfiir» « eavnni«.:« i^^a^a <.i .1- - « « 
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reservoir at the terminus of the loading channel and applying a voltage across die loading channel until the 

sample has electrophoresed acifoss the intersection of loading channel and the separation channel. Typically, the 

application of voltage is via an elecoxxlc disposed witiiin the reservoir or well at die terminus of the given 

channel (also termed a "port"). The plug of material at the intersection is then electrophoresed down the 

separation channel by applying a voltage gradient across the lengtii of the analysis or separation channel. In order 

to avoid disrupting the analysis or separation of the sample, i.e., by interrupting tiie electric field, one must wait 

until diat separation has concluded prior to loading a subsequent sample. 

In the channel structures described herein, however, while a first sample is being analyzed in 

the analysis channel. e.g., by electrophoresis, a subsequent sample may be transported to a location in die loading 

channel closer or even adjacent to die injection point In particular, by applying an appropriate voltage across the 

sample reservoir and the load/waste reservoir diat is in fluid communication widi die sample loading channel on 

die same side of die analysts channel, die sample is transported from its respective reservoir dirough a portion of 

the sample loading channel and to diat load/waste channel/reservoir, widiout crossing die analysis channel. 

Further, by maintaining die voltages applied in diis preloading procedure at levels such diat die voltage at die 

preloading point, e.g.. die intersection between load/waste channel 1 14 and loading channel 102, is substantially 

equal to diat at die injection point (108), one can carry out diis preloading widiout affecting die transportation of 

material widiin die analysis channel, e.g.. widiout producing transverse electric fields between die loading 

channel and die analysis channel. Where one is determining diis voltage at a given intermediate point in a 

channel (V,), which has a first voltage applied at one end V, and a second voltage appUed at die odier end V,. 

determination of the intermediate voltage is as follows: 
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Where R. is the resistance between the point at which V. is applied and the intennediate point at which V. is ttrbe 
determined and R, is the resistance between the point at which V, is applied and the intennediate point where V, 
is to be determined. 

Upon completion of analysis of the previous sample, the subsequent sample, already within the 
sample loading channel, is dien merely transported across the intersection of the loading channel and the analysis 
channel, and the plug of sample material at the intersection is then drawn down the analysis channel, as before. 

Figure IC illustrates the same channel intersection structure shown in Figure IB. but wherein 
diat structure is used to preload one sample while a previous sample is being analyzed along the main channel. In 
particular, panel I illustrates the post injection of the first sample. e.g.. as described with reference to Figure IB. 
above. While the first sample is being amilyzed. the second sample is transported into a position in die sample 
loading channel closer to the injection point, intersection 108. by moving the second sample into the sample 
loading channel and into the second load/waste channel. As shown in panel H. following the completion of the 
analysis of the first sample, e.g.. electrophoretic separation, etc.. the second sample is loaded into the analysis 
channel by drawing it across die intersection 108. and injecting it into the analysis channel (panel ni). This 
process is then repeated for all the samples that are to be analyzed. 

Figure 2 schematically illustrates the substantial time savings derived from sample preloading 
using tiie devices incorporating this preloading feature over devices not incoiporating this feature. Briefly. Panel 
A schematically illustrates the timing of events required to load and inject multiple samples into die analysis 
channel using a typical microflutdic device. i.e.. which does not include a separate load/waste reservoir on each 
side of the analysis channel. In particular, loading any given sample requires the transportation of tfie sample 
across the intersection of die analysis channel and die loading channel, followed by the transportation of die 
sample plug at die intersection down the separation channel. In diese typical devices, no samples are loaded 
while a given sample is being analyzed, as this would resuh in die disturbance of die material flow in die analysis 
channel. Thus, analysis of one sample must be effectively completed prior to loading a subsequent sample, 
resulting in a sample loading and injection timeline where loading and analysis of samples does not overiap. as 
indicated by the arrows. 

Panel B of Figure 2 provides a sinular timeline for samples serially analyzed in a device of die 
presem invention, which incorporates an additional load/waste reservoir on die same side as dw reservoirs 
containing die samples to be loaded. Incorporation of diis additional load/waste reservoir allows die transporting 
of a sample from its respective reservoir into die loading channel, witiiout crossing or odierwise affecting die 
material flow widiin die analysU channel, also termed "preloading." As such, while one sample is being 
transported along die analysis channel and analyzed, a subsequent sample may be preloaded into die loading 
channel. As shown, die time savings can be substantial, particularly where multiple samples (e.g., 8, 10. 12. 16 
or greater) are being analyzed. 

In order to reduce die amount of dead volume between a preloaded sample and die analysis 
channel, it is generally desirable for die load/waste channel to intersect die sample loading channel at a point diat 
is relatively close to die intersection of die loading channel and die analysis channel. In die microfluidic devices 
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of the ptesent invention, the dUtance between these two intersections is typicaUy less than 5 mm. preferably Ito 
than 2 nun. more preferably less than 1 mm. and often, less than OJ mm. 

In addition, for multiple sample reservoir devices, it is genetaUy desirable to be able to preload 
each sample to the s«ne point in the sample loading channel. This pemuts the standardii^on and simpUfication 
of timing for preloading, loading and injecting each sample. In addition, during this preloading time, a myri«l of 
other operations may be performed on the sample, including dilution, combination widi subsuates or other 
reactants. and the like. As such, it is generally preferable for the loadAvaste channel to intersect the Sample 
loading channel at a point between all of the sample reservoirs and die main chamiel. TTius. in preferred aspects, 
each load waste channel intersects the sample loading channel at a point between: (I) the intersection of the 
sample loading channel and the main channel, and (2) the intersecUon of the sample loading chamiel with each of 
the sample chamiels. Sample loading and preloading in these devices is described in greater detail below. 

Finally, in addition to the above described advantages, the incorporation of multiple sample 
sources, each having a separate path, at least in part, to the injection point, provides at least one additional 
advantage, particularly when that system is applied in CE appUcations. Typical CE systems introduce each 

15 sample that is being analyzed by identical oaths. e.ff. thrraiohth- , i . ' 
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passage. Often times, this can result in an accumulation within that patii of extremely slowly migrating material. 
e.g.. very large nucleic acid molecules or complexes. i»oteihs etc.. which accumulation can result in a generiil 
fouling of the separation channel or C2^>illary. 

By including a separate introduction path for each separate sample that is being analyzed, i.e.. 
as provided herein, as opposed to introducing multiple samples through the same padi. such slow migrating 
material is generally retained within the sample source or the channel that connects that source to the common 
sample loading channel. TTiis effect is particulariy evidem in CE appHcations which include a sieving matrix or 
medium within the various channels of the device, which matrix accentuates die differential migiation rates of 
these larger species. 

I 

In certain embodiments, the microfluidic devices of the present invention optionally include 
chamiels that have narrower width dimensions, particularly at the injection point of the device. In particular, by 
narrowing the dimensions at least at the injection intersection, one can substantiaUy reduce the size of the sample 
plug that is injected into the analysis channel, thereby providing a narrower band to detect, and thus, greater 
resolution between adjacent bands. 

Providing the analysis channel with narrower width dimensions also is particularly useful in 
systems employing laser fluorescent detection systems. In particular, by narrowing die width of the injection 
channel and analysis channel to a range of from about IX to about 5X of the laser spot size incident on the 
detection portion of die analysis chamiel. one increases resolution of die bands in die analysis channel, as 
described above, witiiout substantially varying the sensitivity of the device. Aldiough less material is being 
injected into die analysis channel and transported past die detector, die detector is able to delect a greater 
percentage of that material. Accordingly, in some preferred aspects, utilizing a laser widi a 10 |iin spot size, die 
analysis chamiel optiomiUy has a widdi of from about 1 0 jun to about 50 |iin. and preferably from about 20 ^tm to 
about 40 (un. and more jmeferebly. about 30 to 35 {un. 
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IV. Device Descriptifyg . , • 

An example of a device employing improved channel and reservoir geometries according to the 
present invention is shown in Figure 3. As shown, the device 300 is fabricated from a planar substrate 302, 
which has the various channels fabricated into its surface. A second planar layer overiays the first and includes 
holes disposed through it to form the various rescrvoin. This second planar clement is then bonded to the first. 

As shown, the device includes a main separation or analysis channel 304 which runs 
longitudinally down the central portion of the substrate, the main channel 304 originates in and is in fluid 
communication with buffer reservoir 306. and terminates, and is in fluid communication witii waste reservoirs 
308 and 310. via waste channel 312.' Sample loading channel 314 intersects and is in fluid communication with 
main channel 304. As shown, tiie device also includes multiple separate sample reservoirs 316 through 346, 
inclusive, each of which is in fluid communication with sample loading channel 314, eitiier directiy via its 
respective sample channels 348-378, or via an intermediate sample channel. Load/waste channeU 380 and 382 
are also provided, in fluid communication witii sample loading channel 314, on opposite sides of the intersection 
of tile sample loading channel with main channel 304, and between that intersection and the sample channels on 
tiieir respective sides of diat intersection. Each of these load/waste channels terminates in one of load/waste 
reservoirs 384 and 386, respectively. 

The multiple separate sample reservoirs are disposed on both sides of die main channel, in 
order to maximize die number of reservoirs Uiat fit on die substrate, while minimizing the distance tiiat a sample 
20 must oravel to reach the analysis channel. 

In order to control and direct die electrophoretic movement of materials witiun the device, an 
electrode is placed into electrical contact witii each of reservoirs 306-310, 316-346, 384 and 386. Again, 
altiiough die present example is described in terms of electrophoretic transport and direction of materials in Uie 
device, it will be readily appreciated that otiier forms of material oransport and direction are also envisioned and 
25 would be equally benefitted by the present invention, e.g.. electroosmotic fluid transport and direction, pressure 
or pneumatically driven fluid u^port systems, including tiiose utilizing micropumps, or odier displacement 
driven systems. 

In operation, a first sample is disposed witiiin a sample reservoir, e.g., reservoir 316. The • 
sample is transported along sample channel 348 to loading channel 314. across the intersection of loading 

30 channel 314 and main channel 304. by application of an appropriate voltage at sample reservoir 316 and waste 
reservoir 386. In prcfeired aspects, appropriate voltages are also applied at buffw reservoir 306 and waste 
reservoirs 308 and 310. to apply a constraining flow of fluid from die main channel to ••pinch" die flow of die 
sample across the intersection, Uiereby preventing leakage or diffusion of sample at die intersection. Pinched 
loading is described in detail in Published PCT Application No. WO 96/04547 to Ramsey et al., which is 

35 incorporated herein by reference in its entirety for all purposes. 

The sample plug, e.g.. the pinched plug, at die intersection of loading channel 314 and main 
channel 304 is dien drawn down main channel 304, by applying a voltage between buffer reservoir 306 and waste 
reservoirs 308 and 310, while reservoirs 316 and 386 are allowed to float In some cases, appropriate voltages 


16 


wo 98/49548 


PCTAJS98/07444 


10 


may be applied to these floating reservoirs in order to draw the sample in the loading channel away from the 
intersection, so as to avoid the leaking of a sample into the analysis channel. 

While the first sample is being transported along main channel 304 and being subject to the 
analysis of intercist, e.g., electrophorctic separation, a second sample may be "preloaded" into position in loading 
channel 314 for subsequent analysis. This subsequent sample is preloaded from sample reservoir 318 into 
loading channel 314 and out through load/waste channel 380 to load/waste reservoir 384. by q)plying an • 
appropriate voltage at sanypie reservoir 318 and load/waste reservoir 38^^ As stated previously, the voltages 
applied at these reservoirs are typically maintained at levels such that the voltage at theinjecMon point 
(intersection of channels 304 and 314) is subsuntially equal to the vol^ge at the preload point (intersection of 
channel 314 and 382), so as to avoid the generation of transverse fields , i.e.. a voltage gradient, between the 
loading channel and the main channel during the preloading procedure. 

OnceiChe first san^Ie has been nm down the main analysis channel 304, the preloaded sample 
in the loading channel 314 is injected across the intersection of the loading channel 314 and the main channel 304 
by applying a voltage across saniple reservoir 318 and loadAvaste reservoir 386. The sample plug at the 
IS intersection is then transported alona main channel 

• ~j -o— Mf/ptvpiMH** TVfita5« afc<iua» uic luuiii 

Channel, while a third sample is preloaded as described abpve. This is repeated for each sample reservoir on each 
side of the main channel. Thus, as shown, each side of the main channel includes a separate **preloading module" 
that includes the collection of sample reservoirs and channels, in fluid communication widi a sample loading 
channel. Each preloading module includes its own load/waste reservoir and channel in fluid communication with 

20 the sample loading channel, whereby a sample can be transported from its respective reservoir into the loading 
channel and to a position in die loading channel that is proximal to the intersection of the loading channel and the 
main channel, without affecting the movement of material in the main channel. As noted previously, in order to 
minimize dead volumes between the preloading of a sample and the injection of that sample, it is generally 
preferred that the load/waste channel for a preloading module, e.g., load/waste channel 380, Intersect its loading 

25 channel, e.g., 3 14, at a point close to the intersection of the loading channel and the main channel. 

A similar channel/reservoir geometry is illustrated in Figure 4. for a device which includes 12 
separate sample reservoirs, as well as tiie preloading features described above. In order to achieve a more 
compact geometry, tiie buffer reservoir 306. waste reservoir 3 10 and load/waste reservoirs 384 and 386 are 
located in a row at the bottom of the device. This results in a gridded array of sample/wastc/buffer reservoirs, 

30 wherein a twelve sample device only occupies approximately one half of the substrate area required for the 
device shown in Figure 3. Although this device includes fewer sample reservoirs than the device illustrated in 
Figure 3 and described above, tiie sampleiarea ratio is substantially increased by optimizing tiie channel and 
reservoir geometry. In particular, where tiie device shown in Figure 4 has side dimensions of 17.5 mm (e.g., 17.5 
mm X 17.5 mm), one can obtain 49 separate devices from a single 5" X 5" square substrate plate or wafer, 

35 permitting analysis of 588 samples per plate. Assuming tiie device shown in Figure 3 is 22.4 mm X 37 mm, one 
can only obtain 15 separate devices or 240 assays per substrate plate. 

As noted previously, tiie devices, systems and metiiods of tiie present invention are not limited 
in application to capillary electrophoresis applications, but may be broadly applied to tiie field of microfluidics. 
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including fluidic systems employing a variety of material transpon mechamsms. including, e.g.. electroosmotic 
transport systems, electrophoretic transpon systems and even pressure driven systems. However, where these 
devices, systems and methods are used in capillary electrophoresis applications, i.e.. to separate sample 
componenu. e.g.. nucleic acid fragments, it is generally desirable to reduce the level of electit)osmotic flow, 
within the channels of the device, thereby optimizing the differential mobility of differendally charged or sized 
species within die system, and thus their separability. 

Accordingly, in preferred aspects.- where the devices and systems of the invention are employed 
m capillary electrophoresis applications, the channels of the device are pretreated with a dymanic sieving matrix- 
Such dynamic seiving matrices typically comprise charged polymers. e.g.. linear polyacrylamide polymers, which 
are capable of binding the walls of the capillary channels, thereby shielding the charged surfaces of these walls 
and reducing electroosmotic flow Examples of particularly preferred dynamic sieving matrices include those ' 
discu««d in U.S. Patem No. 5.264.101. incorporated herein by reference in its entirety for all purposes, as well as 
the GeneScan"* sieving buffers available from Perkin Elmer Corp. 

A device im:orporating an alternate channel geometry according to the presem invention is 
illustrated in Figure 5. As shown the device includes a channel geometry that is similar to that shown in Figure 4 
In particular, as shown, the microfluidic device 500 fabricated from substrate 502 includes main channel 504 that 
hasdisp(»edatitsterminibufferreservoir506andwastereservoir508. Main chamusi 504 is intersected by and 
in fluid communication with first ends of sample loading channels 512 and 514 (on the lefi and right sides 
respectively, as shown). Sample cham«l 5 12 is in fluid communication at its second end with sample reservoirs 
516-526. via sample channels 542-550. respectively, whereas sample loading chamiei 514 is in fluid 
communication at its second end with sample reservoirs 528-538 via sample channeU 552-562. respectively. 
Sample preload waste channels 582 and 584 intersect sample loading chamiels 512 ami 514. respectively, at 
points proximal to the injection point or intersection. 

nie device illustrated performs substantially the same operations as the devices shown in 
Figures 3 and 4. However, as shown. U» device 500 includes sample channels 540-562 that are of substantially 
equal lengtiis. from dieir respective reservoirs to the poim at which they intersect tfieir respective sample loading 
channel (512 or 514). TTie device shown provides all of Uk advanages delineated above. 

Further, in an alternate aspea as described above, and with reference to Figure 5. the 
intersection of sample loading chamusis 512 ami 514 with their respective sample/i»eIoad channels 582 and 584. 
are placed closer to the intersection of titese chamiels with their respective sample chamois. e.g.. 540-550 and 
552-562. respectively, in order to minimize the lengtii of die sample loading chamiels and thereby reduce tiie 
possibility of cross-contamination of samples during preloading. In preferred aspects, tius loading channel length 
between tiiese intersections is less Uian about 5 mm, and preferably, less tiian about 2 mm. 

As noted above, the devices and systems described herein may generally be used in the analysis 
of chemical and biochemical materials. For example, in at least one aspect, the present invention provides for the 
use of such devices and systems in separating componew elements of the sample materials, e.g.. nucleic acids, 
proteins, or odier macromolecular species, as well as differemially charged materials. The devices of the present 
invention are optionally provided in kits. TTie kits of the invention optionally comprise one or more of the 
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following: (1) an apparatus or apparatus component as described herein, e.g.. the microfluidic device(s) described 
above); (2) instructions for practicing the methods described hoein. and/or for operating die apparatus or 
apparatus components heiein; (3) one or more assay component(s). e.g.. reagents, fluorescent dyes, standards, 
sieving matrices'or the like; (4) a container for holding apparatus or assay components, and. (5) paclcaging 
materials. 

nte above-described microfluidic devices are typically placed in an electrical controller unit 
that disposes an electrode in each of the reservoir, of the device tocany out the operations of the device, as ' 
described herein. The controller unit delivers appropriate currents through the electrodes t^t aie in contact with 
the reservoirs of the device, in order to direct material through the channels of the device. Tht currents delivered 
by the controller are typically current and time profiles for each electrode that are entered into a computer by a 
user, which computer is operably connected to the controller. The computer then instructs the controller in the 
application of currents to the various electrodes to move material through the channels of the device in a 
controlled mamier. e.g,. providing, sufBciem current levels to achieve contoUed electrokinctic material transport, 
as described above.' 

Hie invention is further described with reference to th.. rniinu.:... •.. 

— -••^.•^.-•■•0 MVi»«MHnagig vAaill|lic». 


Example 1: Multisample Analyifjis 

A 16 sample capacity device, or LabChip™, having the geometry shown in Figure 3. was 
fabricated from a 100 mm diameter white crown ghiss wafer having a thickness of 500»im. A wafer was used 
for its compatibility with most commercially available photolithography equipment. Channels 75 pm wide and 
12 )im deep, and having the configuration shown, were etched in the glass substrate using standard 
photolithographic techniques. Holes were drilled through a separate piece of glass 5 inches on a side, whereby 
the holes corresponded to the termini of the various channels. The two pieces of glass were thermally bonded to 
form the channel and well structure shown. The device having dimensions of 22.4 mm X 37 mm was cut from 
the lai^ material 

Sieving buffer was prepared by weighing 2.5 grams GeneScan Polymer (Pwkin Elmer Corp.). 
0.5 g of Genetic Analysis Buffer (Perkin Elmer Corp.) and 2J ml water into a 20 ml scintillation vial, which was 
then vortexed for 30 seconds. One fil of Syber Green 1 DNA intercalation dye (Molecular Probes Inc.) was 
added to 0.5 ml of the sieving buffer which was again vortexed for 30 seconds in a 1.5 ml Eppemlorf tube. Five 
^ll PCR Marker (Promega Corp.) containing 6 DNA fragments ranging in size from SO to 1000 bp was mixed 
with 15 111 of the buffer containing the Syber Green and vortexed. 

•Die channels in the LabChip~ were filled with 3 J% GeneScan™ buffer (Pcrkin-Elmer Corp.) 
by applying 5 jU to the buffer well and then applying slight pressure with a syringe for 5 seconds on die well. 
This buffer conuiins a polymer which retards the migration of DNA relative to its size and also modifies the walk 
of the channel to reduce electroosmotic flow. Four pi of the GeneScan buffer was then added to the buffer and 
waste wells. 
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A DNA sumdud. PhiX174 cleaved with Hinfl (Promega Corp.). was diluted SO: 1 in 3 J% 
GeneScan~ buffer containing 1 HMSybeiGreen DNA intercalating dye (Molecular Probes. Inc.) and 4 jil of this 
solution was added to each of the 16 sample wells. The device was then placed under a Nikon inverted 
Microscope Diaphot 200. with a PTI Model 814 PMT detection system, for epifluorescent' detection. An Opti- 
Quip 1200-1500 SOW tungsten/halogen lamp coupled through a 40X microscope objective provided the light 
source. Excitation and emission wavelengths were selected with a FTTC filter cube (Chroma. Brattieboro VT) 
fitted with appropriate filters/dichroic mirrors. Reagent well currents and volugcs on the chip were controlled 
using a voltage controller having a separate controllable electrode for each of the separate reservoirs on the 
microfiuidic device. The serial injection of samples proceeded along the following cycle: 

Step 1 : Initial Sample Pteload (4S sees.) 

Step 2: Sample Load (S sees.) 

Step 3: Inject (1 sec.) 

Step 4: Pull Back (2 sees.) 

StepS: Run/Next Sample preload (8S sees.) 

Step 6: Next Sample Load (S sees.) 

Step?: Repeat Steps 3-6 


An example of the cycle of currents applied at the various reservoirs during a single cycle is 
provided in the following table. The sample pull back step was inserted to pull the sample away from the 
intersection of the loading channel wi A the main channel, and thus prevem bleeding over of die sample. Also, 
during the loading steps. e.g.. steps 2 and 6. a pinching flow was delivered to die intersection such that the flow 
of sample would not difliise into the main channel as a result of convective effects. Applied voltages were 
controlled using a current based control system. e.g,. as described in commonly assigned U.S. Patent Application 
Serial No. 08/678,436. filed July 3. 19%, and incorporated herein by reference in its entirety for aU purposes. 
Currents applied for each of the above steps were as shown in Table 1 . below. The voltage applied to main 
buffer reservoir 306 was controlled at a level at which it provided an appropriate balancing cuirem in the 
remainder of the system: 

Table 1 




Sample 


Load/Waste Current 


Waste Cuncni 

Step 

Sample 

Cumnt 

Load/Waste Well 

(^A) 

Buffer Well 

(^A) 


Well 






1 

332 

-7 

386 

10 

310 

-2 

2 

332 

-7 

384 

10 

310 

-2 

3 

332 

5 

384 

5 

308 

-12 

4 

332 

1 

384 

I 

308 

-8 

5 

334 

-7 

386 

10 

308 

•7.5 

6 

334 

-7 

384 

10 

310 

-2 
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The results of the first separation using this method are shown in Figure 6. As is clear from 
this figure, this method of performing capillary electrophoresis yields high resolution in a substantially reduced 
time-frame. Further, no degradation of resolution was seen through separation of all 16 samples. 

Pxwnple 3; Determination of Cross Contamination Level s for Succesfiive Samp les 

In order to asccruin whether successive runs in the device experienced any cross contamination 
of samples, two different nucleic acid fragment samples and a plain buffer sample were run in succession and 
examined for contaminating effects. 

Each well of the 16 well device described above, was loaded with either the PCR Marker, the 
PhiX174 cleaved with HAEIH or plain buffer. The wells were loaded such that they would be injected 
successively in this order. The fluorescence data for each run was plotted as a function of time. 

Figures 7A, 7B and 7C show plots of successive injections of PCR Marker. PhiX174/Haem 
and buffer blanks. Figure 7B illustrates that no spurious fluorescence peaks are detectable bleeding over from the 
previous PCR Marker run, into the PhiX174/Haem run. Furthsi^ Figure 7C shows thai even in a plain buffer run. 
there are no detectable levels of cross contamination from the prior DNA containing samples. 

Example 3: Narrow Channel Jn}ect\e^n^ 

A microfluidic device incorporating the channel geometry shown in Figure 5, was prepared as 
described in Example 1, above, except that the width of all channels of the device was reduced to 30 |im, while 
the channel depth was maintained at approximately 12 |im. This was used to compare widi a microfluidic device 
having the geometry shown in Figure 4. but having channel widths of approximately 70 \im, as described in 
Example I. The length of the separation channels in the two devices was substantially equivalent. 

The two devices were prepared with seiving buffer, as described above, and each was used to 
separate a nucleic acid standard 100 base pair ladder, commercially available from Promega Corp., Madison WI. 
The results of die separations in the narrow channel and wide channel device are illustrated in Figures 8A and 8B. 
respectively. As is readily apparent, the resolution obtained in the nanow channel <tevice (Figure 8A) is 
substantially enhanced over the device incorporating wider channels (Figure 8B). 

All publications and patent applications are herein incorporated by reference to die same extent 
as if each individual publication or patent application was specifically and individually indicated to be 
incorporated by reference. Although the present invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. 
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We Claim: 


1. A microfluidic device comprising: 

a body structure having an interior portion and an exterior portion; 

at least first, second and third microscale channels disposed in the interior portion, the second 
channei intersecting the first channel at a first intersection, and the thiid channel intersecting the first chamiel at 
a second intersection; 

a plurality of sample reservoirs disposed in the body structure, each of the sample reservoirs 
being connected to the second channel; 

at least a first waste reservoir connected to the third channel. 

2. TTie microfluidic device of claim 1. wherein the second and third channels intersect the fir^t 
channel on opposing sides of the first channel. 

3. The microfluidic device of claim 2. wherein the first and second intersections are located at a 
common point on the furst channel. 

4. The microfluidic device of claim 3, wherein the second and third channels are colinear. 

5. The microfluidic device of claim 1, further comprising at least one sample reservoir 
connected to the third channel and at least a second waste reservoir connected to the second channel. 

6. The microfluidic device of claim 5. wherein die first waste reservoir is connected to the third 
channel between the at least one sample reservoir and the first intersection. 

7. The microfluidic device of claim 6. wherein: 

the fust waste reservoir is connected to the third channel by a first load/waste channel, the 
fint load/waste channel intersecting die diird channel at a third intersection, the tiiird intersection being located 
between die at least one sample reservoir and die second intersection; and 

the second waste reservoir is connected to Uie second channei by a second load/waste 
channel, die second load/waste channei intersecting die second channel at a fourth intersection, die fourth 
intersection being located between die plurality of sample reservoirs and die first intersection. 

8. The microfluidic device of claim 7. wherein die diird and fourth intersections are located 
widiin about 5 mm of die second and first intersections, respectively. 

9. The microfluidic device of claim 7. wherein the ihiitl and fourth intersections are located 
wiUiin about 2 mm of die second and first intersections, respectively. 
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10. The microfluidic device of cimm I, wheieih the body structure comprises: 
a first planar substrate having at least a first planar surface; • 

a plurality of grooves disposed in the at least first planar surface, the plurality of grooves 
5 corresponding to the at least first, second and third channels; 

a second planar substrate having a first planar surface, the first planar surface of the second 
subsu^te being mated with the first planar surface, of the first substrate to sealably cover the grooves to form 
the ftfst. second and third channels, the channels defining the interior portion: 

a plurality of apertures disposed in at least one of the first and second substrates, the 
1 0 apertures communicating with the first, second and third channels to define the plurality of sample reservoirs 

and at least first waste reservoir. , 

' 'I 

ji 

1 1. The microfluidic' device of claim 10, wherein at least one of die first and second planar 
substrates comprises a silica-based substrate. 

12. The microfluidic device of claim 1 1 . wl^erein the silica-based substrate is selected from 
glass, quartz and fused silica. 


20 


13. The microfluidic device of claim 1 1, wherein the silica-based substrate comprises glass. 

14. The microfluidic device of claim I , wherein at least one of the first and second planar 
substrates comprises a polymeric material. 

15. The microfluidic device of claim 14, wherein the polymeric material is selected from 
25 polydimethylsiloxane, polymethylmehacrylate, polyurethane, polyvinylchlwide, polystyrene, polysulfone, 

polycarbonate, polymethyipentene, polypropylene, polyethylene, polyvinylidine fluoride, and aciylonitrile- 
butadiene-styrene copolymer. 

16. The microfluidic device of claim 14, wherein the polymeric mat^al comprises 
30 polymethylmethacrylate. 

17. The microfluidic device of claim 1 , wherein the plurality of sample reservoirs comprises at 
least 2 sample reservoirs. 

35 1 8. The microfluidic device of claim 1 , wherein the plurality of sample reservoirs comprises at 

least 4 sample reservoirs. 

19. The microfluidic device of claim 1 , wherein the plurality of sample reservoirs comprises at 
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20. The microfluidic device of claim 1. wherein the plurality of sample reservoirs comprises at 
least 12 sample reservoirs. ' 


21. The microfluidic device of claim 1. further comprising at least 2 sample reservoirs connected 
to the third channel. 


22. The microfluidic device of claim 1, further comprising at least 4 sample reservoirs connected 
to the third channel. 


23. The microfluidic device of claim 1, further comprising at least 8 sample reservoirs connected 
to the third channel. 


24. The microfluidic device of claim 1 » further comprising at least 12 sample reservoirs 
connected to the third channel. 

25. The microfluidic device of claim 1. wherein the plurality of sample reservoirs are arranged in 
the body structure in a linear format and are regularly spaced apart 

26. The microfluidic device of claim 25, wherein the regularly spaced sample reservoirs are 
spaced on approximately 9 nun centers. 

27. The microfluidic device of claim 25. wherein the regularly spaced sample reservoirs are 
spaced on approximately 4.5 mm centers. 

28. The microfluidic device of claim 25, wherein the regularly spaced sample reservoirs are 
spaced on approximately 2.25 mm centers. 

29. The microfluidic device of claim 1 , wherein the plurality of sample reservoirs are arranged in 
a gndded format and are regularly spaced apart 

30. The microfluidic device of claim 29, wherein the regularly.spaced sample reservoirs are 
spaced on approximately 9 mm centers. 

31. The microfluidic device of claim 29, wherein the regularly spaced sample reservoirs are 
spaced on approximately 4.5 mm centers. 
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32. The microfluidic device of claim 29. wherein the regularly spaced sample reservoirs are 
spaced on approximately.2.2S nun centers. 

33. The microfluidic device of claim 1 , wherein each of the plurality of sample reservoirs is . 
5 connected to the second channel via a separate sample channel which is in fluid communication with the 

separate sample reservoir and intersects the second channel. 

34. The microfluidic device of claim 33, where the sample channel connected to each of the 
plurality of sample reservoirs, each intersects the second channel at a common intersection. 

10 

35. The microfluidic device of claim 34, wherein die common intersection is within about 5 mm 
of the flrst intersection. 

36. The microfluidic device of claim 34. wherein the common intersection is within about 2 mm 
15 of the flrst intersection. f 

37. The microfluidic device of claim 34, wherein each of the sample channels is approximately 
equal in length. 

20 38. The miaofluidic device of claim 1 . wherein at least one of tiie second channel has a widdi 

dimension less dian that of the flrst channel. 

39. The microfluidic device of claim 1 , wherein at least the second channel has a width of 
between about 10 ^m and about 50 )un. 

25 

40. The microfluidic device of claim I . wherein at least the flrst channel has a separation 
medium disposed therein. 

41. The microfluidic device of claim 1. wherein the separation medium comprises a sieving 

30 matrix. 

42. The microfluidic device of claim 4 1 . wherein the sieving matrix comprises polyacrylamide. 

43. The nucrofluidic device of claim I , further comprising sample nuoerials disposed in the 
35 sample reservoirs, the sample materials comprising nucleic acids. 

44. A microfluidic device, comprising: 

a body structtve having an interior portion and an exterior portion; 
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at least first, second and third microscale channels disposed in the interior portion, the second 
channel intersecting the first channel at a first intersection, and the third channel intersecting die first channel at 
a second intersection; 

' a plurality of sample reservoirs disposed in the body structure, at least one sample reservoir 
being connected to the second chamiel and at least one sample reservoir being connected to the third channel; 

at least a first and second waste reservoirs, the first waste reservoir being connected to die 
second channel, and die second waste reservoir being connected to die diird channel. 

45. A microfluidic device comprising: 
a body structure having an interior portion and kn exterior portion; 
a first channel disposed in the interior portion; 

at least a first sample preload module in fluid communication witfi die first channel, die 
preload module comprising: m 

a .first sample loading channel intersecting die first channel at a first intersection, a first 
15 plurality of sample reservoirs in tluid communicaUon widi die first sample loading channel; and 

a first load/waste reservoir in communication widi die first sample loading channel between 
die first plurality of sample reservoirs and die first intersection. 

46. TTie microfluidic device of claim 45. fiirdier comprising at least a second sample preload 
20 module in fluid communication widi die first channel, the second preload module comprising: 

a second sample loading channel intersecting die first channel at a second intersection, a 
second plurality of sample reservoirs in fluid communication widi die second sample loading channel; and 

a second load/waste reservoir in communication widi die second sample loading channel 
between die second plurality of sample reservoirs and die second intersection. 

25 

47. The nucrofluidic device of claim 46. wherein die first and second intersections are located at 
a common point along die first channel. 

48. The microfluidic device of claim 46. wherein die first and second sample loading channels 
30 are colinear. 

49. A mediod of analyzing a plurality of samples, comprising: 
a) providing a microfluidic device diat comprises: 

a body structure having an interior portion and an exterior portion; 

second and diird microscale channels disposed in die interior portion, 
die second channel intersecting die first channel at a first intersection, and die diird channel intersecting die 
first channel at a second intersection; 
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a plurality of sample reservoirs disposed in the body structure, each of the sample 
reservoirs being connected to the second channel; 

at least a first waste reservoir connected to the third channel; 

b) transporting a sample material from a first of said plurality of sample reservoirs . 
5 through the second channel, through the first and second intersections, into the third channel, towanl the first 

waste reservoir; 

c) injecting a portion of said sample material at the first intersection into the first 

channel; 

d) transporting the portion of first sample material along the first channel; and 

e) analyzing the portion of first sample materia] in the analysis channel. 

50, The method of claim 49. further comprising repeating steps b) through e) with sample 
material from at least a second of the plurality of sample reservoirs. 

15 51. the method of cUim 40 further 

, -w...j,.w4„g •wj#waMU5 »WH* uirougii c) wim sample 

material from each of the plurality of sample reservoirs. 

52. The method of claim 49. wherein: 

the microfluidic device provided in the providing step further comprises at least a fourth 
20 channel connecting a second waste reservoir to the second channel by a ioad/wasie channel at a third 
intersection, the third intersection being located on the second channel between the plurality of sample 
reservoirs and the first intersection; and wherein 

the step of transporting sample material from a first sample reservoir to the first intersection 
comprises fu^t transporting the sample material through tiie second channel to die third intersection and into 
25 the fourth channel toward the second waste reservoir. 

53. The metiiod of claim 52, wherein the step of transporting sample material from the first 
sample reservoir to the first intersection comprises transporting material at tiie third intersection through tiie 
second channel and into the first intersection. 

30 

54. The metiiod of claim 52. wherein Uie step of transporting sample material from tiie sample 
reservoir comprises elcctrokinetically moving tiie sample material from tiie sample reservoir to tiie first 
intersection. 

The metiiod of claim 54. wherein tiie step of electrokinetically moving comprises applying a 
voltage gradient between tiie sample reservoir and tiie fust waste reservoir to move tiie sample material 
tiirough tiie first and second intersection, into tiie tiiird channel and toward tiie first waste reservoir. 
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56. The method of claim 54. wherein: 

in the providing step, the first and second intersections are located at a common point on the 

first channel; and 

further comprising eiectrokinetically pinching the first sample material in the first and 
second intersections. 

57. The method of claim 52, wherein die step of transporting the portion of the sample material 
through die first channel further comprises the step of elebtrokinetically transporting the sample material in the 
second and third channels away from the first and second intersections, 'respectively. 

58. A method of separating component elements of a sample material, comprising: 

a) , providing a microfiuidic device thiat comprises: 

a body structure having an interior portion and an exterior portion; 

at least first, second and third microsca|e channels disposed in the interior portion, 
the second channel intersecting the first channel at a first intersection, and the third channel intersecting the 
first channel at a second intersection; 

a plurality of sample reservoirs disposed in the body structure, each of the sample 
reservoirs being connected to the second channel; 

at least a first waste reservoir connected to the third channel; 

b) transporting the sample material from a first of said plurality of sample reservoirs 
through the second channel, durough the first and second intersections, into die diird channel, towaid die first 
waste reservoir; 

c) injecting a portion of the sample material at die first intersection into die first 

channel; 

d) transporting die sample material along die first channel to separate die component 
elements of the sample material. 

59. The mediod of claim 58. wherein die providing step furdier comprises providing a separatioir 
medium in at least the first channel. 

60. The mediod of claim 59, wherein die step of u^porting sample material from die first 
sample reservoir comprises applying a voltage gradient between the sample reservoir and die first waste 
reservoir. 

6 1 . The mediod of claim 58, furdier comprising die step of detecting die separate component 
elements of die sample material in die fust channel. 
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62. TTic use of a micronuidic device according to any one of claims 1. 44. 45 or 46. in separating 
and detecting component elements of die sample materials. ' 

63. ' Tlie use according to claim 62. wherein tiie component elements of the sample materials 
comprise nucleic acids. 

64. The use according to claim 62, >irherein the component elements of the sample materials 
comprise proteins! , 

I ' 

65. A microfluidic device, comprising: ' 

a body structure comprising an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 

a saipple loading channel disposed in said interior portion and in fluid communication and 
crossing said analysis channel at a first intersection; 

A nliirjilifv nf cumnlfk emiflw*A« iM fl..:^ . : *i .... 

- r J -w— Aiuiu wuuuiiuiiivttuun wiui saiQ sample loading ctiannel, 

whereby there is at least one of said plurality of sample sources in fluid communication with said sample 
loading channel on each side of said lust intersection; anci 

first and second load/waste channels disposed in said interior portion, each of said first and 
second load/waste channels intersecting said sample loading channel at second and third intersecUons, 
respectively, said second and third intersections being on different sides of said first intersection. 

66. A microfluidic device, comprising: 

a body struauie having an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 

a sample loading channel disposed in said interior portion on a fint side of said analysis 
channel, and intersecting said analysis channel at a first intersection; 

a plurality of sample reservoirs in fluid communication with said sample loading channel on 
a first side of said first intersection; 

a waste channel disposed in said interior portion on a second side of said analysis channel, and intersecting said 
analysis channel at a second intersection; and 

a waste reservoir in fluid communication with said waste channel on said second side of said 

first intersection. 


67. A microfluidic device, comprising: 

a body structure having an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 

a sample loading channel disposed in said interior portion and intersecting said analysis 
channel at a first intersection; and 
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a sample preloading module which comprises a plurality of sample reservoin. and a waste - 
reservoir disposed in said body suucturc. wherein each of said plurality of sample teservoiis and said waste 
reservoir a« in fluid communication with said sample loading channel on a same side of said fiist intersection. 

68. A microfluidic system, comprising: 

a body stnicture having an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 

first and second transverse chamiels disposed in said interior portion, said first transverse 
channel being disposed on a first side of said analysis chamtel. and intersecting said analysis channel at a f«t 
intersection, and said second transverse channel being disposed on a second side of said analysis chamiel. and 
intersecting said analysis channel at a second tnteisectton; 

a first sample source disposed in said body structure in fluid communication with said first 
transverse channel; 

at least a second sample source disposed in said body structure in fluid communication with 
said second transverse channel; 

a first waste chamiel disposed n said inetrior portion intersecting said first transverse chanm^l 
at a third intersection; 

at least a second waste chamiel disposed in said interior portion intersecting said second 
tiwisverse channel at a fourth intersection: and 

a material direction system for individuaUy transporting a sample from each of said first and 
second sample sources to said first and second waste chamiels via said fint and second transverse chamiels. 
respectively, and selectively injecting said samples into said analysis channel. 

69. A nucrofluidic system, comprising: 

a body structure having an interior portion and an exterior portion; 
an analysis channel disposed in said interior portion; 

first and second ttansverse channels disposed in said interior portion, said first transverse 
chamiel being disposed on a first side of said analysis channel, ami intersecting said analysis channel at a first 
intersection, ami said secoml transverse chamiel being disposed on a second side of said amdysis chamiel. and 
intersecting said analysis channel at a second intersection; 

a plutality of sample sources in fluid communication witii said first transverse channel: 
a fust waste chanmsl disposed in said interior portion and intersecting said first transverse 
channel at a third intersection; 

at least a second waste channel disposed in said interior portion and intersecting said secoml 
transverse channel at a fourtii intersection; and 

a material direction system for individually transporting a sample from each of said first and 
secoml sample sources to said first ami second waste channels via said first and second transverse channels, 
respectively, and selectively injecting said samples into said analysis channel. 
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70. A microfluidic device, comprising: 

a body stniciure hving an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; ' 
5 a sample loading channel disposed in said interior portion and intersecting and in fluid 

conmiunication with said analysis channel; and 

a plurality of sample sources in fluid communication with said sample loading chahnel. 

71. A method of analyzing a plurality of different sample materials, comprising: 
^ ^ providing a microfluidic device which comprises: 

a planar body structure having an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 
a sample loading channel disposed in said interior portion and intersecting said 
analysis channel at a first intersection; and 

^ — — , — su..^.^ «■• iiuiG wumuiuiugauon wim sata sample loading 

channel; 

tnmsporting a first sample from a first of said plurality of sample so^^ 
sample loading channel to said first intersection; 

injecting a portion of said first sample into said analysis channel; 
20 analyzing said portion of said first sample in said analysis channel; 

transporting a second sample from a second of said plurality of sample sources through said 
loading channel to said intersection; 

injecting a portion of said second sample into said analysis channel; and 
analyzing said portion of said second sample in said analysis channel. 

25 

72. A method of performing analysis on a plurality of different sample materials, comprising: 
providing a microfluidic device which comprises: 

a body structure having an interior portion and an exterior portion; 
an analysis channel disposed in said interior portion; 

^ ^P*« channel disposed in said interior portion and intersecting said 

analysis channel at a first intersection; and 

a sample preloading module which comprises at least first and second sample 
reservoirs and a waste reservoir disposed in said body structure, wherein each of said plurality of sample 
reservoirs and said waste reservoir are in fluid communication witii said sample loading channel; 

transporting a first sample from said first sample reservoir to said first intersection; 

injecting a portion of said first sample into said analysis channel; 

concunemly analyzing said portion of said first sample in said analysis channel, and 
transporting a second sample from said second sample reservoir into said loading channel and then to said 
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waste reservoir, 

transporting said second sample from saiid loading channel to said intersection; 
injecting a portion of said second sample into said analysis channel; and 
analyzing said portion of said second sample in said analysis channel. 

73. A microfluidic device, comprising: 

a body structure; ' 

an analysis channel disposed within tiie body structure; 

a plurality of sample sources disposed in tiie body structure, each sample source being in 
fluid communication witii a first point in tiie analysis channel via 'one or more sample channels; and 

wherein a channel distance between a first of tiie plurality of sample sources and tiie point in 
tiie analysis channel, is.subsiantially equal to a channel distance between a second of tiie plurality of sample 
sources and the point in the analysis channel 

74. A microfluidic device, comprising: 

a body structure; ^ 

an analysis channel disposed in tiie body structure 

a first sample introduction channel disposed in tiie body structure, and intersecting tiie 
analysis channel at a first point; 

a fint plurality of sample sources disposed in tiie body structure, each of tiie first plurality of 
sample sources in fluid communication witii tiie first sample introduction channel via a first plurality of 
separate sample channels disposed in tiie body structure, respectively, wherein a channel distance between a 
first of tiie first plurality of sample sources and tiie first point is substantially equal to a channel distance 
between a second of the plurality of sample sources and tiie first point 

75. A microfluidic device, comprising: 

a body structure having an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 

a sample loading channel disposed in said interior portion and intersecting and in fluid 
communication with said analysis channel; 

wherein said analysis channel and said sample loading channels have a widtii of less tiian 50 

^m; and 

a plurality of sample sources in fluid communication witii said sample loading channel. 

76. A metiiod of manufacturing a microfluidic device, comprising: 

fabricating a plurality of channels in a fust planar surface of a first substrate, tiie plurality of 

channels defining: 
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an analysis channel, a sample loading channel disposed on a fint side of said analysis 
channel, and intersecting said analysis channel at a fust intersection; 

a plurality of sample channels intersecting said sample loading channel on a first side of said 

first intersectioni 

5 a waste channel disposed on a second side of said analysis channel, and intersecting said 

analysis channel at a second intersection; 

overlaying a second planar substrate on the planar surface of die first substrate to seal the 
plurality of channels, the second planar substrate having a plurality of ports disposed therethrough, the plurality 
of ports comprising two ports in communication with opposite ends of the analysis channel, a waste port in 
10 commmunicaiion with an unintersected terminus of the waste channel, and a plurality of sample portseach in 
separate communication with the unintersected termini of the sample channels. 

77. The use of a microfiuidic device having an analysis channel disposed therein, a sample 
loading channel intersecting the analysis channel at a first intersection and a plurality of sample sources in fluid 

15 communication with die sample loading channel, for analyzing each of the plurality of samples. 

I 

78. A kit for analyzing component Clements of a sample, comprising: 
a microfiuidic device of claim 1 ; and 

scparauon medium packaged together with instructions for their use in separating component 
20 elements of a sample. 
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